Introduction TRPC conductances also display variations in selectivity. While TRPC4 and TRPC5 are relatively Ca 2ϩ selective Influx of Ca 2ϩ and Na ϩ is essential in the nervous system (Philipp et al., 1996, 1998; Okada et al., 1998), the refor propagation of action potentials, synaptic transmismaining TRPC conductances are nonselective (e.g., Zitt sion, synaptic plasticity, and development (reviewed by et al., 1997; Zhu et al., 1998). Nevertheless, a feature Berridge, 1998). In nonexcitable cells, cation influx apcommon among all of the TRPC channels is that each pears to function in processes ranging from the immune is activated in vitro through signaling pathways that utiresponse to cell growth and development (reviewed by lize PLC.
Parekh and Penner, 1997). A wide variety of voltage-,
Considering that most store-operated and PLCligand-, and second messenger-gated channels have dependent cation conductances have been described been identified that mediate Ca 2ϩ and Na ϩ influx in excitin nonexcitable cells (reviewed by Putney, 1993), an unable cells (reviewed by Jan and Jan, 1992). However, expected finding is that at least five of the six TRPC the ion channels and gating mechanisms regulating the RNAs are expressed in the brain (Garcia and Schilling, Ca reduced in the P20 sample and could not be detected 1996; Mori et al., 1998). However, we found that the at later stages.
TRPC3 protein was predominantly expressed in the rat
To determine whether TRPC3 and TrkB were exbrain during a relatively narrow developmental period pressed in the same neurons, we stained parallel secbefore and after birth. TRPC3 protein was detected 3 tions from the neonatal rat brain with antibodies to each days prior to birth on embryonic day 18 (E18; Figure 1B 3H ) and isolated ever, the TRPC3 protein was not detected in the heart, pontine neurons ( Figures 3I and 3J ). We found that lung, liver, kidney, spleen, stomach, intestine, muscle, or TRPC3 and TrkB were expressed in the same Purkinje skin ( Figure 1D ). In addition, the TRPC3 protein did not cells in the cerebellum and pontine neurons and had appear to be expressed in those portions of the periphthe same subcellular localization (Figures 3G-3J ). Most eral nervous system, such as the dorsal root ganglia pontine neurons (81.2%) expressed both TRPC3 and (DRG), that were examined in this analysis ( Figure 1E) .
TrkB, while only a few expressed just TRPC3 (3.9%) or However, a positive signal was observed in a wide variTrkB (4.9%), or neither protein (10.0%). Thus, TRPC3 ety of tissues in the CNS ( Figure 1E) . Upon returning the clamp to Ϫ70 mV after 27 min, the current was partially restored but was greatly diminished I BDNF was a cation current but was not Ca 2ϩ selective since elimination of Na ϩ and Mg 2ϩ from the extracellular (reduced to 16.5% Ϯ 5.8% of the original current, n ϭ 4 of 5) and subsequently terminated in 4.3 Ϯ 1.6 min. solution decreased the current nearly to the baseline (Figures 4F and 4G ; 0.9 Ϯ 0.2 pA/pF, n ϭ 7 of 8). The The duration of I BDNF under these conditions was 33 Ϯ 4 min. I BDNF was consistently blocked (n ϭ 6 of 6) by remaining current appeared to be carried by Ca 2ϩ since this was the only cation present in the bath solution. addition of the Trk inhibitor K252a (Figures 4E and 4G ). Upon withdrawal of the inhibitor, the inward current Therefore, this current was carried mainly by Na ϩ , while Ca 2ϩ contributed to a lesser extent. After blocking the could then be induced by BDNF. The effect of BDNF did not appear to be nonspecific since addition of the voltage-gated K ϩ and Na ϩ channels with 140 mM CsCl and 2 M tetrodotoxin, respectively, a set of step voltagonists for the ␦ opioid receptor (DADLE; n ϭ 9) or for two other RTKs known to be expressed in pontine ages was applied to determine the I-V relationship. The I-V curves showed that the reversal potential was neurons (brain fibroblast growth factor receptor [bFGFR], n ϭ 6; insulin growth factor receptor [IGFR], around 4 mV in an extracellular solution containing Na ϩ as the sole permeant cation ( Figure 4H ; n ϭ 7). Because n ϭ 5) had no apparent effect on any of the cells tested ( Figures 4D and 4G) . Mg 2ϩ did not appear to carry this current and was in very To provide additional evidence that TRPC3 contribined in greater detail by examining the single-channel currents in inside-out patches after adding the uted to the BDNF-induced cation influx, we tested whether the TRPC3 antibodies could modulate the con-␣TRPC3 N213 antibodies to the bath solution. As described above, the single-channel activity was immediately and ductances described above. These analyses were performed by adding either the ␣TRPC3 N213 or control antidrastically diminished as a consequence of removing the Ca 2ϩ -containing solution and switching to a Ca 2ϩ -bodies to the recording pipette and assessing the effects on the whole-cell currents. If the ␣TRPC3 N213 antifree solution ( Figure 5D ). However, of primary significance here, addition of the ␣TRPC3 N213 antibodies to the bodies had any effect, our expectation was that it would be inhibitory. However, we found that rather than having Ca 2ϩ -free solution quickly recovered the current ( Figures  6G and 6I) . Moreover, the channel activity was higher an inhibitory effect, the TRPC3 antibodies enhanced the whole-cell current. In several neurons exposed to than that observed in the presence of Ca 2ϩ ( Figure 6I ; NP o ϭ 0.59 Ϯ 0.04, n ϭ 6 of 6; as compared with 0.27 Ϯ ␣TRPC3 N213 in the recording pipette, a slow inward current appeared even before the BDNF application (3 of 0.03, n ϭ 9 of 9). In contrast to the effect of ␣TRPC3 
N213
-induced currents displayed the same (see insets in Figures 6C, 6D, and 6F) . Furthermore, no increase in current occurred due to addition of control mean current amplitudes ( Figure 6J ; 1.9 Ϯ 0.2 pA and 
GluR3 can also be provoked by specific antibodies (Twy-I BDNF Is Activated through a Pathway Involving man et al., 1995). Further support for the proposal that
PLC and the IP 3 Receptor TRPC3 was a channel subunit that contributed to I BDNF While there is a consensus that TRPC channels are actiwas provided by in vitro expression studies. We found vated in vitro through stimulation of PLC, the mechathat BDNF stimulated a cation influx in 293T cells exnism(s) that couples TRPC-dependent cation influxes to pressing both TrkB and TRPC3. However, addition of PLC activation has been controversial. Recently, TRPC3 BDNF had no effect when applied to cells expressing has been expressed in vitro by two different groups, and just TrkB or TRPC3. Nevertheless, it cannot be formally the conclusions of these studies were quite disparate. excluded that TRPC3 is a cofactor rather than a channel TRPC3 is activated in CHO-K1 cells by a membranesubunit required for I BDNF . Although TRPC3 has an overall permeable analog of DAG (OAG) and not through predicted structure of six transmembrane domains production of IP 3 or via a store-operated mechanism (Vannier et al., 1998) , which is reminiscent of many mem- (Hofmann et al., 1999) . By contrast, TRPC3 appears to bers of the superfamily of voltage-gated and second be activated through a store-operated mechanism in messenger-gated ion channels (Jan and Jan, 1992), it HEK293 cells (Kiselyov et al., 1998). In this latter study, has not been ascertained whether any TRPC protein is TRPC3 was found to be activated by IP 3 , and the current capable of directing ion conductances after insertion of was blocked by two inhibitors of the IP 3 receptor: hepathe purified protein into lipid bilayers.
rin and xestospongin C. Moreover, evidence was proActivation of TrkC may also give rise to a nonselective vided that TRPC3 and the IP 3 receptors interact (Kiselcation conductance in pontine neurons since applicayov et al., 1998). tion of the ligand for TrkC, NT-3, elicited a current with We investigated the mechanism by which the TRPC3-characteristics similar to those of I BDNF but smaller in dependent current may be activated in vivo. We found magnitude. Alternatively, the smaller response with NT-3 that I BDNF appeared to be coupled to activation of PLC may also have been due to activation of TrkB since NT-3 since the current was reversibly blocked by the PLC can also bind to TrkB (Fariñ as et al., 1998) for 30 min at 37ЊC followed by 30 min at 30ЊC, with gentle shaking. resin columns and eluted as described by the manufacturer (New The digested debris were transferred into DS containing 2 mg/ml England Biolabs). The MBP-TRPC3 was then coupled to CNBrtrypsin inhibitor and triturated to disperse the neurons. The neurons activated Sepharose 4B as described (Pharmacia), and the antiwere then transferred into the normal bath solution (NBS; in mM: TRPC3 antibodies were purified from the total IgY according to the NaCl, 140; MgCl 2 , 1.2; CaCl 2 , 2.5; glucose, 10; and HEPES, 14 [pH instructions in the SulfoLink kit (Pierce). The IgY antibodies from 7.4]) and plated onto 35 mm dishes for electrophysiology experiwhich the TRPC3 antibodies were removed were saved to provide ments or introduced onto 18 mm round coverslips for immunocytoa control. Both antibody fractions were quantitated and used at the chemistry. The dishes and coverslips were precoated with polysame concentration.
lysine. 
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